Noradrenaline-induced desensitization in cultured heart cells as a model for the defects of the adenylate cyclase system in severe heart failure.
Cultivation of rat heart muscle cells for up to 5 days in the presence of 10(-6) mol/l (-)noradrenaline leads to a desensitization of the cells to inotropic stimulation and cAMP formation at different levels of the cAMP-system: The decrease in the responsiveness to the beta-adrenoceptor agonist isoprenaline quantitatively parallels the down-regulation of beta 1-adrenoceptors. The impairment of the positive inotropic effect of the phosphodiesterase-inhibitor IBMX is associated with a diminished basal cAMP-formation but an unchanged phosphodiesterase-activity in noradrenaline-treated cells. This decrease in basal cAMP-accumulation as well as the attenuation of the forskolin-stimulated cAMP-formation indicate that a defect in the adenylate cyclase system beyond the receptor must be involved in noradrenaline-induced desensitization. In contrast to the diminished effectiveness of cAMP-increasing agents the positive inotropic effect of ouabain and the alpha-adrenoceptor-mediated positive inotropic effect of phenylephrine are unaltered in noradrenaline-treated cells. It is concluded from these results that in addition to the down-regulation of beta 1-adrenoceptors a defect on the post-receptor level of adenylate cyclase occurs in noradrenaline-induced desensitization not affecting mechanisms beyond the catalytic subunit of adenylate cyclase. As these findings are very similar to those observed in isolated preparations from severely failing human hearts, the presumption is confirmed that noradrenaline-induced desensitization might constitute an important etiological factor in the subsensitivity of failing human hearts to inotropic stimulation.